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Background: The S100 protein family is linked to 
energy transfer in cells of vertebrates at a molecular 
level. This process involves the electron transfer chain 
and therefore, as inferred from Faraday’s Law, elec-
tron movement will induce electromagnetic fields 
(EMFs). Biological entities emit photoelectrons that 
can be tracked and visualized by small paramagnetic 
nano-sized iron particles. 
Methods: We have developed an optical microscopic 
approach for imaging electromagnetic activity of hair 
follicles utilizing nano-sized iron particles (mean di-
ameter 2000nm) in Prussian Blue Stain solution (PBS 
Fe 2000). 
Results: We found that the human hair follicle emits 
electromagnetic fields (EMFs) based on metabolic ac-
tivity within the follicle, which is associated with the 
activity of selective S-100 proteins.  
Conclusions: Our results link the molecular biochemi-
cal energy associated with the S100 family of proteins 
and biomagnetism of human hair follicles. 
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Human hair follicle biomagnetism: potential biochemical correlates 
Introduction 
 
In the first report of EMF measurements made from 
the human heart, Baule & McFee (1963) used two 
large coils placed over the chest to cancel ambient 
magnetic interference. Better resolution and less noise 
was later achieved by Cohen and his associates who 
recorded EMFs from the brain (Cohen 1972) and the 
heart (Cohen & Kaufman 1975, Cohen et al. 1983) 
using a superconducting quantum interference device 
(SQUID). We hypothesize that all living matter main-
tains an intrinsic, electromagnetic homeostatic mecha-
nism at quantum levels, based on biochemical and bio-
physical processes. From sub-atomic and atomic inter-
actions, there are ordered amplifications manifesting as 
metabolic activity to maintain homeostasis. Photon-
phonon and photon-photon transductions, i.e. piezo-
electricity and photoelectricty may be underlying 
mechanisms to explain bio-electromagnetic order and 
balanced function in living things. Utilizing the intrin-
sic paramagnetic properties of fine iron particles, and 
the imaging characteristics of iron by Prussian Blue 
stain, a solution was developed which could be applied 
to human hairs ex vivo. Magnetic energy was detected 
and visualized by the stained, aggregated iron particles 
applied to the follicle and shaft of human hairs. Since 
some of the S100 family of proteins involved in energy 
exchanges have been localized in anatomically discreet 
areas of the human hair follicle (Mitoma et al. 2014), 
we proceeded to attempt a correlation between such 
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Figure 1. Microphotograph (x14 magnification) showing 
sebum imprint of human hair follicle (bulb area), depicting 
the dermal papilla area (DPA). The transected area is shown 
above the straight line, similarly to Figure 3. The plucked 
human hair is covered by sebum that is left behind after the 
hair is removed. 
areas; specifically, the follicular tissue and electromag-
netic activity. 
 
Materials and Methods 
 
Preparation of the iron containing solution 
A fine iron particle solution was prepared by mixing 
several grams of powdered iron filings (Edmond Sci-
entific Co., Tonawanda, NY) in 200 cc of deionized 
water (resistivity, 18.2 MΩ.cm). After standing for 
several hours the supernatant was carefully decanted 
for sizing of the iron nano-sized iron particles. The 
particle size and distribution of the nanoparticles from 
the supernatant was determined using dynamic light 
scattering (DLS) and the zeta potential using phase 
analysis light scattering by a Zeta potential analyzer 
(ZetaPALS, Brookhaven Instruments Corp, Holtsville, 
NY). For sizing, 1.5 ml of the solution in de-ionized 
water was scanned at 25 °C and the values were ob-
tained in nanometers (nm). A similar aliquot of the 
fine iron particle solution was scanned for 25 runs at 
25 °C. for determining zeta potentials. Zeta potential 
values were displayed as millivolts (mV). Using a 
transfer pipette, aliquots of the solution containing the 
iron particles (with a mean particle size of 2000 nm) 
were combined with Prussian Blue Stain (PBS, 2.5% 
potassium Ferrocyanide and 2.5% hydrochloric acid).  
 
The single slide preparation (SSP)  
Hairs (n = 4) in the Telogen phase were individually 
placed on a clean slide (size 25 x 75 x1mm). The 
freshly plucked human hairs (from the author’s scalp) 
were positioned in the center of the slide. This was 
facilitated by the inherent stickiness of the hair root. 
Three drops of the PBSFe2000 solution were placed in 
the center of the aforementioned clean glass micro-
scopic slide. Care was also taken to cover the root and 
shaft area and then the liquid was allowed to evapo-
rate. The viewing and event recordings of the evapora-
tion  (still pictures or videos) of the slides were done in 
the normal mode at X10 magnification with a video 
microscope (Celestron LCD Digital Microscope II 
model #4341; Torrance ,California, USA). 
 
Transected Hair follicles 
Hairs were placed on a clean slide (size 25 x 75 x 
1mm). The freshly plucked ex vivo hairs were indi-
vidually positioned in the center of the slides. At this 
point with the aid of a magnifying glass and a razor 
blade, the hair follicle was transected at approximately 
the distal part of the root (Figure 1). 
 Upon viewing in the microscope (X10 magni-
fication), the transections that did not satisfy our crite-
ria (n=13) of separating the distal bulb from the follicle 
were discarded. Four samples (successfully transected) 
(n = 4) were studied by applying 3 drops of the 
PBSFe2000 solution over the follicle and shaft, 
mounted on a clean slide and then the liquid was al-
lowed to evaporate. The viewing and event recordings 
of the evaporation were handled similarly in a series of 
controls (n = 2), using a non-animate source of EMF 
(see ancillary experiments in  the Results section). 
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Figure 2. Microphotograph (X10 magnification) of a SSP of 
PBSFe2000 of human hair dry field. Living matter (hair 
follicle) is seen triggering crystallization. A depicts the hair 
bulb;  B depicts the crystals adhering to the DP area and  C 
depicts the layered crystallization. Please note that the 
KFeCN crystals triggered by the EMFs remain in front of 
the hair follicle which is the putative S100, S4, S6 localiza-
tion (see Supplementary Video 2). 
Figure 3. SSP PBSFe2000 after evaporation. Micro-
photohraph (x10 magnification) showing the human hair 
follicle post-blade excision of the DP area. Notice the ab-
sence of heavy crystallization in front of the hair (facing the 
evaporation line). This absence correlates with the lack of 
EMFs strong enough to trigger heavy crystallization. This 
finding is attributed to the removal of the DP as illustrated in 
Figure 1.  
Results 
 
In the wet field of the follicles mounted in a SSP, we 
consistently noticed iron particles circulating around 
the distal part of the hair follicle (bulb) (n = 4), simi-
larly to our previous findings (Embi et al. 2015a, b). 
The circulating iron particles were interpreted as the 
presence of EMFs emanating from the hair root. In the 
dry field after evaporation all control hairs showed 
layered crystallization of the PBSFe2000. These layers 
correlated with the EMFs emitted by the follicle.  Ana-
tomical areas of the hair such as the hair shaft covered 
by cuticles expressed weak S100 A2 as well as show-
ing the  absence of layered crystallization. In contrast, 
the distal root area where the dermal papilla (DP) is 
located has been shown to express S100 A4 and S100 
A6 proteins (Mitoma et al. 2014). In all our experi-
ments this area consistently triggered heavy concentra-
tion of layered crystallization directly adherent to the 
bulb as seen in Figure 2. 
 In other experiments, the hair follicle was cut 
or transected proximal to the DP, thereby separating 
the DP from the rest of the follicle. When subjected to 
the same SSP procedures, the rest of the cut follicle 
(minus the DP) exhibited no crystals adhering to its 
surface (Figure 3). On the other hand, the isolated DP 
tissue fragment showed a clear intense crystallization 
pattern, which adhered to its surface (Figure 4). 
 
Ancillary Experiments 
Inanimate magnetized material 
When a non-living entity such as a magnet fragment 
which is absent of any S100 proteins, was cut to a 
similar size of a hair follicle and placed in a SSP with 
PBSFe200, layered crystallization ensued (n = 2). 
There were no crystals which adhered to the part of the 
magnet first encountering the evaporation line, which, 
by its location in this model mimics the excised DP. 
This ancillary experiment served as a control since non
-animate EMFs from the magnet trigger an orderly 
display of crystallization lines, stopping short of touch-
ing the magnetic fragment itself. (Figure 5 and Supple-
mentary Video 1) 
 
Inanimate nonmagnetic material 
When a non-living entity such as a dead wood frag-
ment which is absent of any S100 proteins, was cut to 
a similar size of a hair follicle and placed in a SSP 
with PBSFe200, layered crystallization failed to ensue. 
This ancillary experiment served as a negative control. 
The absence of EMFs is attributed to the failed crystal-
lization. See Figure 6 below and Supplementary Video 
2. 
 
Discussion 
 
Major findings 
Using nano-sized iron particles (having an average 
diameter of 2000 nm) mixed with a Prussian blue solu-
tion for staining iron, we demonstrated putative images 
of the EMFs emanating from the DP area of the human 
hair. Specifically, iron particle aggregates outlined the 
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Figure 4. SSP of PBSFe2000 dry field. Microphotograph 
(x14 magnification) of excised tissue from the human hair 
follicle shown in Figure 1. Anatomically, this tissue corre-
sponds to the DP area. Notice the heavy crystals attracted to 
the tissue surface is attributed to the maintenance of metabo-
lism with the presence of S100 proteins and associated 
EMFs. 
Figure 5. Demonstration of EMFs triggering crystallization. 
Magnet fragment in SSP PBSFe2000 dry field, showing the 
orderly EMFs emanating from a non-living magnetic source. 
Although the inanimate magnetized object triggered crystal-
lization there was an absence of heavy crystals adhering to 
the tip of the magnet (arrow). Also note that the further the 
distance from the magnetic source the wider the gap be-
tween the curved crystallization lines (see Supplementary 
Video 1). 
anatomical areas where S100 proteins have been lo-
cated. 
 
Background 
A metabolic process common in animals (cellular res-
piration) involves the electron transport chain. This 
process consists of electrons transferred along a series 
of electron donor and receptor compounds coupled to a 
proton (H+) gradient across cell membranes. The ensu-
ing charge differential or voltage is used to drive en-
ergy production in the form of adenosine triphosphate 
(ATP). As inferred by Faraday’s law, electron move-
ment within cells will induce an electromagnetic field 
(EMF) emanating from both plant (Scherlag et al. 
2015) and animal tissues (Embi et al. 2015a, b), acting 
as electrical conductors.  
 S100 proteins are only expressed in verte-
brates. They consist of multiple constituents, which 
have both intracellular as well as extracellular func-
tions. Furthermore, S100 are involved in aspects of 
regulation and energy metabolism. Those functions 
range from energy metabolism to cell proliferation, 
among others. In regard to energy metabolism, we hy-
pothesize that the follicular metabolism is not only the 
source of electromagnetic energy but also free elec-
trons, i.e. photoelectrons, which emanate from the fol-
licle and can be tracked by the paramagnetic nano-
sized iron particles. 
 Since our simple approach using nano-sized 
iron particles mixed with Prussian Blue Stain detects 
EMFs, is relatively inexpensive and provides an acute 
procedure, i.e., crystallization within <2 hours, it could 
easily be extended to various types of cellular research 
with minimal investment. For example, the S100 pro-
tein family has been reported to be present in multiple 
stages of tumorigenesis and cancer progression 
(Bresnick et al. 2015).  Further research, using the 
methodology described in the present report, might be 
useful in evaluating chemotherapeutic drug effects by 
EMFs changes shown by cells and tissues. 
 
Conclusion 
 
Our results link the molecular biochemical energy as-
sociated with the S100 family of proteins and biomag-
netism. 
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Figure 6. A SSP of a dead wood fragment (toothpick) in 
PBSFe2000, as a negative control.  A depicts iron particles. 
Notice that an inanimate (dead) material is unable to trigger 
large crystals formation. This is attributed to the absence of 
EMFs (see Supplementary Video 2). 
